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VARIAN 

DETECTION OF LARGE LEAKS IN HERMETICALLY SEALED COMPONENTS 
WITH A SMALL INTERNAL VOLUME 

DESCRIPTION OF THE INVENTION 

The invention concerns a new method for helium leak testing of, but not limited to, 
large-leak testing hermetically sealed components. The key feature is a sensor composed of a 
permeable material that selectively permeates hehum. This could be, but not limited to, a 
polymer or a quartz material in any shape or form (sphere, cylinder, capillary, etc.). For 
applications where quartz is used, the quartz is heated by a heater, such as resistive, radiant, or 
other appropriate heat transfer means, to allow selective permeation of helium through the 
helium sensor. It is known that the permeation rate of helium can be controlled by temperature 
to adjust the sensitivity of the sensor. This new hehum sensor can be used in a leak test system 
under vacuum, at ambient pressure, or at a slight over pressure. 

In a conventional helium leak detection method, where a large leak is present in a small part, 
the helium can be pumped away so fast during the rough pump cycle that no leak reading is 
possible and the leaking part is accepted. This problem has existed in the industry for a very 
long time. The following methods have been utilized for some application with limited results. 

• Measure the difference in evacuation time between a leaky or non-leaky part. (Not 
enough resolution) 

• A volumetric expansion method. (Not enough resolution) 

Figure 1 shows the configuration of a solution consisting of a vacuum flange, a vacuum 
enclosure, a sensor, a sputter ion pump, and a controller that supplies power to the ion pump and 
reads back the pump current. Alternately, a conventional leak detector can be used with the 
sensor assembly in various applications, for example, an application where a fine leak test is 
required after the large leak test. Figure 2 shows a configuration with a conventional leak 
detector. 
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The internal volume of the part to be tested has been previously pressurized with helium or 
has been exposed to a high helium concentration in a bombing chamber before inserting it into 
the test chamber of the leak detector 

In the new concept, two vacuum chambers are inter-connected by a valve (A), while a 
vacuum pump is connected to the lower chamber via a valve (B). The helium sensor is 
connected to the lower chamber. With valve A closed to isolate the two chambers from each 
other, the part to be tested is inserted into the upper chamber. At the beginning of the test, die 
helium concentration in the chamber is at ambient levels or alternately, a nitrogen flushing 
operation can reduce the helium concentration to enhance sensitivity capability for the large leak 
measurement described in this paper. 

With valve A closed, valve B is opened to purap a vacuum in die lower chamber. Valve B is 
then closed so there is no pumping in either chamber. Valve A is opened between the two 
chambers and the gas from chamber A is permitted to flow into the lower chamber until pressure 
equilibrium is achieved. Helium leaking from the test part passes into the lower chamber and 
increases the helium concentration in the vacuum environment until a pressure equilibrium is 
reached. The resulting helium concentration in the vacuum can be now be measured by the 
sensor or leak detector. Only helium will pass through the permeable window and increase the 
vacuum pressure in the sensor ion pump or leak detector. The resulting increase of ion pump 
current is proportional to the increase in helium pressure and the leak rate. For the leak detector 
configuration, the leak rate can be read directly. The key feature of this invention is that the 
helium sensor has zero pumping speed in the test chamber. It does not remove the gas from the 
vacuum environment as with prior art devices. It detects the helium leak, but does not pump the 
helium away so large leak detection is made more accurately, more reliably, and with more 
sensitivity than previous methods used in the industry. If no large leak is detected the 
conventional leak detector cycle can be continued, which means further evacuation of the 
chambers (with valve A open) and finally connecting the vacuum environment to the 
conventional leak detector, for example a mass spectrometer leak detector, for fine leak 
measurement 
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SUMMARY OF THE INVENTION 

1 . A leak test device made ofpenneable material of any shape or forai (sphere, cylinder, 
capillary, etc.) 

2. A heater (resistive, radiant, or a similar technology) heats the quartz material to allow helium 
permeation, while selectively blocking most other gases water and dust. A heater is not 
required where a permeable polymer, for example is used. 

3. When heated to a certain temperature, the quartz material permeates helium at a constant 
rate. 

4. The temperature can be adjusted to control the permeation rate and therefore the sensitivity. 

5. The sensor can be installed at the inlet of an ion pump, which is power by a high voltage, 
between 2000 and 9000 volts. The ion pump current is proportional to the vacuum pressure 
inside the sensor. Helium that permeates through the quartz window affects the vacuum 
pressure at a rate proportional to the leak rate. The ion pump current is therefore proportional 
to the leak rate. Alternately, the sensor can utilize a conventional leak detector to read the 
helium concentration instead of the ion pump current. 

6. The sensor can operate either with vacuum at the inlet flange or with atmospheric pressure at 
the inlet flange or at a pressure slightly higher than atmospheric. 

7. The sensor can operate in an atmosphere that contains various gases, particles such as dust, 
or in wet environments. 

8. The sensor can be installed as shown in Figure 1 and 2 and can be used for accurate testing 
for large leaks for parts of various sizes and is particularly useful for small volume parts with 
a large leak. 
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FIGURE 1 Helium Sensor for a Large Leak Test With Ion Pump 




1 - Vacuum flange 

2 - Permeable membrane 

3 - Ion pump 

4 - Ion pump feedthrough 

5 - Controller 

6 - Power/signal cable 

7 - Test chamber 

8 - Part to be tested 

9 - Valve A 
10- Valve B 

11 - Pipe to vacuum or 
conventional leak detector 

12 - Conventional leak detector 
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FIGURE 2 Helium Sensor for a Large Leak Test With Conventional Leak D^ector 
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1 - Vacuum flange 

2 - Permeable window 

3 - Test chamber 

4 - Part to be tested 

5- Valve A 

6- ValveB 

7 - Pipe to vacuum or 
conventional leak detector 

8 - Pipe from permeable window 
to conventional leak detector 

9 - Conventional leak detector 



